Motivation: Kinetic measurements have played an important role in elucidating biochemical and biophysical phenomena for over a century. While many tools for analysing kinetic measurements exist, most require low noise levels in the data, leaving outlier measurements to be cleaned manually. This is particularly true for protein misfolding and aggregation processes, which are extremely noisy and hence difficult to model. Understanding these processes is paramount, as they are associated with diverse physiological processes and disorders, most notably neurodegenerative diseases. Therefore, a better tool for analysing and cleaning protein aggregation traces is required. Results: Here we introduce Kfits, an intuitive graphical tool for detecting and removing noise caused by outliers in protein aggregation kinetics data. Following its workflow allows the user to quickly and easily clean large quantities of data and receive kinetic parameters for assessment of the results. With minor adjustments, the software can be applied to any type of kinetic measurements, not restricted to protein aggregation. Availability and implementation: Kfits is implemented in Python and available online at http://kfits. reichmannlab.com, in source at https://github.com/odedrim/kfits/, or by direct installation from PyPI ( pip install kfits) Contact:
Introduction
Many biochemical and biophysical phenomena can be elucidated using time-course measurements and deriving the kinetic parameters. This practice has been employed since the earliest days of biochemistry for studying enzymatic activity, and since then for diverse applications ranging from protein-ligand affinity to protein folding mechanisms. Kinetic measurements play a special role in the study of protein misfolding and aggregation (Morris et al., 2009) . These processes in which protein-protein interactions go awry have been implicated in a range of disorders, most notably neurodegenerative diseases such as Alzheimer's, Parkinson's and other diseases. In order to tackle these diseases, a better understanding of the biophysical mechanisms governing protein aggregation processes is required.
Many methods and tools for fitting models to experimental timecourse measurements have been published over the years (Johnson, 2009) , some of which are specific for protein aggregation kinetics (Meisl et al., 2016) . These tools are useful for finding the best model and best fit for very high quality data with high signal-to-noise ratios. However, popular methods for measuring protein aggregation kinetics, such as light scattering and ThT fluorescence shift, yield relatively noisy results requiring extensive manual 'cleaning'. Some fitting tools such as the MathWorks Curve Fitting Toolbox provide data cleaning functions, but these either apply smoothing algorithms that alter the data or require manual removal of outliers, which introduces user biases and differences between samples. Here we present Kfits, a software tool that fits noisy kinetic data with the aim of differentiating and isolating signal from outliers. This accessible tool requires no installation and is intended for users Applications Note of all levels of computational experience. The 'clean' output from Kfits can be used directly, or as the raw input for other kinetics fitting tools.
Overview
The graphical interface of Kfits leads the user through the workflow depicted in Figure 1 . Results from kinetic measurements are inputted to Kfits in a textual format (see Supplementary Information) and its output is a CSV file containing the data with few or no outliers. This is defined as any data point significantly deviating from the trend of the kinetics (see Supplementary Information).
Step 1. Loading data and setting parameters. The user chooses a file and uploads it to the system, which plots the original measurement to the screen. The user can then choose parameters for the fit. These include the kinetic model to be used (an automatic best-fit option is available) and the 'Noise is Always Above Signal' flag ( Supplementary Fig. S1 ).
Step 2. Setting the margins of the signal. In many cases, certain areas of the kinetic plot contain only outliers (named 'noise' for simplicity), easily identifiable by the user (Fig. 1, second panel) . Two adjustable lines represent 'only noise above this line' (green) and 'only noise below this line' (red), allowing the user to remove obvious noise.
Step 3. Setting approximate start of kinetics curve. Kinetic measurements often start with a baseline measurement, followed by addition of the components that create the observable signal. The 'approximate start' setting has two effects: measurements before the chosen time point are used by the software to determine baseline values, while the model fit is assessed only according to data subsequent to this point.
Step 4. Fitting a function to the data. The software will now try to fit the chosen model (see Section 3) to the data using non-linear leastsquares regression. It will then try to optimise the noise threshold using the algorithm described in the Supplementary Information. Any data point residing outside the 'signal band' is subsequently removed (Supplementary Fig. S1 ). While this automatic process is designed to retain as many of the original data points as possible while removing most of the noise, the noise threshold (width of the signal band) can be adjusted by the user to prevent the removal of true, valuable data.
Step 5. Downloading clean data and reviewing kinetic parameters. At this final step, the user can review the clean data and the calculated kinetic parameters, adjust the outlier threshold to achieve cleaner results or reduce loss of data, and download the clean results to their computer.
The backend logic is implemented in Python and the graphical user interface in HTML and javascript, ensuring cross-platform support and open-source nature. Kfits is available at http://kfits.reichmannlab.com for online use, or download for local, lab-or institution-wide serving over a local network following a relatively simple installation process.
Currently, the tool focuses on fitting protein aggregation measurements and implements two models: (i) a basic one-site binding model, and (ii) a nucleation-elongation model (see Supplementary  Information for details) . However, it would be easy for any user familiar with the Python programming language to extend the support to more models of aggregation or other biological processes. Instructions on how to do so come with the package.
Assumptions. We assume that input data are supplied according to the Supplementary Information.
Results. Smoothing algorithms are commonly used for outlier reduction. However, these methods alter the data, whereas Kfits only removes certain points while retaining the original y values for the rest. This creates significantly less artefacts, and provides a user controlled yet uniform level of data filtering across all samples. Kfits has been tested on two very different datasets obtained by light scattering (Rimon et al., 2017) or by ThT fluorescence (Tayeb-Fligelman et al., 2017) . Both showed significant outlier reduction (Supplementary Table S1 ).
Conclusion
Kfits is a cross-platform tool for fitting and removing outliers from protein aggregation kinetic measurements, using user input from its easy-touse graphical interface and a simple model fitting process. Notable outlier reduction is achieved with no modification of the measured data and only through careful omissions of individual measurements. While currently supporting only aggregation kinetics, it is designed to allow other types of kinetic measurements to be supported in the future. Kfits is a powerful tool for every lab studying the kinetic processes and particularly protein aggregation, and we look forward to input that will help us improve its performance on various real-life experimental scenarios.
